ABSTRACT: Lipid extract and fatty acid composition of cane molasses and yeasts (Saccharomyces cerevisiae M-300-A and Saccharomyces uvarum IZ-1904) grown in molasses medium were determined. In molasses, linoleic acid was found in higher levels (around 42%) and was followed by palmitic, oleic and linolenic acids. The lipid extract varied from 1.02 to 3.13 gkg -1 . In yeasts, the level of lipid extract varied from 16.65 to 31.12 g.kg -1 (dry matter basis) depending on the molasses type and yeast species. Both yeasts were able to incorporate fatty acids from molasses' and therefore linoleic and palmitic acids were the major fatty acids found in them. Key Words: Saccharomyces, fatty acids, yeasts, lipids, molasses. (com base na matéria seca) e foi afetado pelo tipo de melaço e da espécie de levedura. Ambas as leveduras foram capazes de incorporar ácidos graxos presentes no melaço e portanto os ácidos linoleico e palmítico foram os principais ácidos graxos encontrados nessas leveduras.
INTRODUCTION
In the Melle-Boinot process of ethanol production used in Brazil, a small amount of yeast can be removed without affecting ethanol yield (ORELLI et al., 1991) and the yeast can be used in livestock feeds as recommended to swine by BOWMAN & VEUM (1973) , to poultry by VANANUVAT (1977) and to cattle by JARDIM (1976) , due to the excellent contents of protein and B group vitamins (HARRISON, 1971) . Cane molasses, another by-product of sugar factories is also used as animal feed due to its high level of energy and minerals (MORRISON, 1959) . Domestic animals are not able to synthetize linoleic acid (SHORLAND,1962) and need, therefore, to obtain this acid from feed. Linoleic and other essential fatty acids deficiencies are characterized by skin symptoms and are best documented by laboratory rat tests (GURR, 1984) .
The yeasts normally used for ethanol production in distilleries are not able to produce polyusaturated acids as linoleic and linolenic, but do produce palmitoleic and oleic acids (NAGAR-LEGMANN & MARGALITH,1987; BENDOVÁ et al., 1991) . They can however take up fatty acids from the medium (REZENDE & ALTERTHUM, 1986) . Therefore, the fatty acid composition of the yeasts used in distilleries can reflect molasses composition. Linoleic acid is the most important fatty acid in Louisiana sugarcane (BALCH, 1953) and in Hawaii cane molasses (MEE et al., 1979) . There is no available data for Brazilian sugarcane molasses.
This paper deals with the fatty acid composition of cane molasses and yeasts grown in their medium.
MATERIALS AND METHODS
Cane molasses. Molasses samples were collected from nine sugar factories in the State of São Paulo (Brazil) containing 500 to 600 g.kg -1 of total reducing sugars.
Fatty acids from molasses. 10 g of molasses were diluted with 10 ml 0.25 NH 4 Cl and shaken twice with 45 ml of chloroform: methanol solution (2:1 v/v) as recommended by FOLCH et al. (1957) . The combined extracts were washed with 9 g.l -1 NaCl. The chloroform layer was evaporated to dryness at 55°C under vaccum. The residue was reextracted with petroleum ether, washed with water and evaporated at 40°C under vaccum.
Yeast growth.
The yeasts Saccharomyces cerevisiae M-300-A and Saccharomycesuvarum IZ-1904, industrially used in Brazil for ethanol production, were grown anaerobically in molasses medium with 150 g l -1 of total reducing sugars at 33°C. 1.0 g.l -1 (NH 4 ) 2 SO 4 and 0.5 g.l -1 KH 2 PO 4 were added as a nutrient supplement to the yeasts. The yeasts were washed three times with cold water before lipid extraction.
Fatty acids from yeasts. 6 g of yeast cells were treated with 10 ml 0.25 NH 4 C1 at 70°C during 15 min. After cooling, 60 ml of chloroform were added: methanol mixture (2:1 v/v), according to FOLCH et al. (1957) and left overnight at room temperature. After centrifugation the yeast pellet was reextracted and the combined extracts washed with 9 g.l -1 NaCl solution. The chloroform layer was evaporated at 55°C, under vaccum.
Fatty acids analysis.
The methyl esters of fatty acids were obtained according to HARTMAN & LAGO (1973) . They were analysed in CG-17 Gas Chromatograph (CG Instruments, São Paulo, Brazil), equipped with flame ionization detector and 2 m x 0.5 cm coiled stainless steel column packed with 18% DEGS on 100 mesh Chromosorb W. The oven temperature was 180 o C and both, injector and detector were operated at 230 and 240°C, respectively. Fatty acids were identified by the comparison of their retention times with those of the pure compounds and by the equivalent chain length (ACKMAN, 1962) . All measurements were made in triplicate and all the reagents were of analytical grade. The triangulation method was used to determine the corresponding peak areas. The fatty acid composition was calculated by multiplying each peak-area percentage by the corresponding mol wt of the fatty-acid methyl ester and, subsequently, dividing each product by the sum of the weighted products. Table 1 shows that all the molasses have the same fatty acids in the following order: linoleic, palmitic, oleic, linolenic, stearic and other minor acids. These results show the presence of linolenic acid which was also reported by BALCH (1953) in Louisiana sugarcane, but was not detected by MEE et al. (1979) for Hawaii cane molasses. The lipid extract in molasses varied from 1.02 to 3.13 g/kg. These variations may be due to the extent of sucrose extraction in different sugar factories. The results of lipid extract were lower than those related by MEE et al. (1979) , perhaps because they did not purify the chloroform extract with petroleum ether as it was performed in this experiment. The level of linoleic acid in molasses is considered adequate for yeast growth (GUTIERREZ, 1991) . THOMAS & ROSE (1979) and GUTIERREZ (1990) reported that linoleic acid gives more protection to yeast membrane against ethanol. Tables 2 and 3 indicate that the industrially used yeasts were able to absorb and incorporate fatty acids from molasses. It can be observed that the level of lipid extract of molasses affects the lipid extract and fatty acid composition of yeasts. The presence of exogenous fatty acids reduces short-fatty acid contents, confirming early observations of GUTIERREZ (1991) .
RESULTS AND DISCUSSION
Fatty acid profiles from yeasts indicate that the major components were linoleic and palmitic acids. Besides being good source of B vitamins the yeasts grown in cane molasses also for poultry because hens require about 1 % of linoleic acid in their diet (BONDI,1987) to meet their needs for most production purposes. The yeasts in anaerobic medium can synthctize fatty acids mainly palmitic acid (SUOMALAINEN & KERANEN, 1963) but the presence of linoleic acid in the molasses medium inhibits the dessaturation of palmitic acid (BLOOMFIELD & BLOCH, 1960) . This can be observed for both yeasts (Tables 2 and  3 ) grown in molasses number nine that shows high level of linoleic and low palmitoleic acid contents.
The desired level recommended for animals is not yet known, however around 1% of dietary energy as linoleic acid could prevent the symptoms of essential fatty acids deficiency (GURR, 1984) .
The amount of lipid extract in molasses and yeasts is not enough to attend animal requirements as the only fatty acid source.
